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An Experimental Automobile Receiver Employing Transistors

Introduction

This bulletin describes an experimental automobile broadcast
receiver utilizing nine experimental junction transistors in a super-
heterodyne circuit. The receiver operates directly from the six-volt
storage battery without vibrator, power transformer, or rectifier. The
average current drain, including that for two pilot lights, is approxi-

mately one—-tenth that of a conventional automobile receiver.

The performance of this receiver is comparable to that of con-
ventional automobile receivers. Particular emphasis has been placed on
maintaining performance over a wide range of ambient temperature, both to
accommodate the severe requirements specified for automobile service, and
to establish the operability over such a temperature range of apparatus

employing germanium transistors.

The receiver circuits and performance characteristics, including
performance data for the ambient temperature range -40 degrees C to +80
degrees C, are described in detail. Techniques which render circuit opera-
tion insensitive to variation of ambient temperature and which permit

( interchangeability of transistors are discussed.

General Description

The automobile receiver, shown in Fig. 1, transistors in a superheterodyne circuit
uses nine experimental p-n-p alloy junction employing a-455-kc intermediate frequency.

Fig. | = Experimental transistor automobile receiver.
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A permeability—tuned r—f stage and a class-B
transformer-coupled output stage are incor—
porated. The current drain of the radio is 250
ma for the zero signal condition; an additional
300 ma are required by the two pilot lights.
On a sustained tone, with maximum power output
the total drain rises to one ampere.

The performance characteristics of the
receiver at 20 degrees C are summarizedbelow:*

Sensitivity 2 uvolts
Noise Performance
Input for 20 db S/N 12 uvolts
ENSI 0.4 pvolt
Power OQutput 2 watts
Selectivity (ACA) 41 db
AGC (Figure of Merit) 63 db

The operating temperature range of the receiver
is —40 degrees C to +80 degrees C. Circuit
techniques provide stabilization for the most
part, and thermistors are used for temperature
compensation in the audio amplifier.

The receiver is constructed in three main
sections as shown in Fig. 2. These sections are
the tuner assembly, in the foreground; the
audio amplifier, mounted over the tuner; and
the high frequency part of the receiver, in the
background.

Fig. 2 — Receiver with cover removed.

*These data reflect the characteristics of the experi-
mental transistors used; units of exceptionally high
and exceptionally low performance were avoided.
Long-term life performance of the transistors was
not evaluated.

Circuit Description Q
A schematic diagram of the receiver is

shown in Fig. 3. Transistors V1 through V6 are
similar to the experimental units described in
LB-915, A P-N-P Triode Alloy Junction Transistor
for Radio-Frequency Amplification, and serve as
r-f stage, mixer, oscillator, two i-f stages,
and second detector. The audio complement, V7
through V9, are experimental p-n-p transistors
electrically similar to those described in
LB-905, Power Junction Transistors by the “O/
Process, but incorporate a mechanically a
thermally improved mounting arrangement.

Tuner Transformers

The electrical elements of a push-=button
permeability tuner manufactured by Radio
Condenser Corporation, Camden, N. J., were
revised for operation in the transistor re-
ceiver. Three tightly-coupled transformers are
employed in the antenna-to-rf input, rf-to-
mixer interstage, and oscillator circuits.
Maximum unloaded Q of these transformers is
obtained by making the effective diameter of
the windings as large as the tuner dimensi\;l
will permit.  Tracking of the signal circuits
insured by maintaining equal effective diameters
of the respective coils. Oscillator tracking is
accomplished by approximating a variable-pitch
oscillator-transformer winding, the desired
variable pitch being obtained by changing the
coil-winder gear ratio at intervals along the
coil. The pertinent data for the antenna,
interstage, and oscillator transformers are
shown on the schematic.

The individual coil assemblies of the
tuner are enclosed in shield cans. Magnetite
sleeves of 3/8-inch inner diameter are provided
for the antenna and interstage transformers.
The powdered—iron tuning slugs are 1.2 inches
long by 0.18 inch diameter; slug travel is
about one inch.

Tuner Circuitry

A conventional automobile rod antenna *g
employed; this antenna feeds the tuned priﬂ\;)
of the antenna transformer, T1, as shown on the
schematic, Fig. 3.
fectively a voltage source in series with a
capacitor, the power fed to T1 will increase
with increasing Q and decreasing shunt ¢

citance. The shunt capacitance includes the
capacitance of the shielded lead from the

Since the antenna is ef-
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antenna, the stray capacitance of the wiring,

d the reflected r-f stage input capacitance.
the coil Q is limited by the winding dimensions
to 50-70 across the band. The primary is de-
signed to tune with a total of 75 uuf, allowing
for the above shunt capacitance as well as the
antenna capacitance and a trimmer capacitor,
C1, of 3 to 30 upuf.

The choice of operating Q for the antenna
and interstage transformers represents a com—
promise between the rejection of image and
Wotermediate frequencies, which increases with

perating Q, and insertion loss, which also
depends on operating Q. Minimum insertion loss
between the antenna and the r-f stage input
obtains for the "matched" condition, i.e., when
the turns ratio of T1 is adjusted so that the
transformer tuned impedance, referred to the
secondary winding, is equal to the input im-
pedance of the r-f stage. For this condition,
the operating Q is one-half the unloaded coil
Q. For the compromise used, the operating Q is
eight-tenths of the unloaded Q, with an as-
sociated increase in insertion loss of 2 db
above that applying for the matched condition.
is compromise is obtained by adjusting the
(iirns ratio so that the secondary tuned-—im-
Apedance is one-fourth the input impedance of
Vi. A typical value for the input impedance of
V1 at midband is 75 ohms.

The r—f stage bias arrangement renders the
stage relatively insensitive to changes in
ambient temperature. The base is returned to a
low resistance bias source of -=1.5 volts at the
junction of R2 and R3. Below a-g-c threshold,
constant-emitter-current bias of 1.3 ma obtains,
via the emitter resistor, R4, in conjunction
with R5, R19 and R20. The emitter is returned
to ground for r-f by C4. The bias conditions
with respect to a-g-c action are discussed in
connection with the second detector.

The r-f interstage transformer, T2, pro-
vides coupling from the collector of V1 to the
base of the mixer, V2. In the mid-frequency
range of the broadcast band the output im-

edance of the r-f transistor is 10,000 to
(TQE,OOO ohms, and the mixer input impedance is
typically about 500 ohms. The operating Q of
T2 is 15 to 20 and the transformer insertion
loss is 3.7 db. This compromise between operating

and insertion loss is obtained by adjusting
(rﬂ\e turns ratio of T2 so that the tuned primary

impedance of T2 and the reflected input im-
pedance of the mixer each equal the output
impedance of V1. Tuning of the primary of T2 is
provided by C6 and C7. The gain of the r-f
stage is about 20 db at midband.

The collector circuit of V1 returns to the
tap on the bleeder formed by R6 and R7. The
bleeder tap is bypassed to ground by C5. This
arrangement decouples the collector circuit
from the common supply, and serves as a voltage
divider to reduce the collector voltage of the
r—-f stage. An improved signal-to-noise ratio is
obtained by operation at reduced collector
voltage, as described in LB-915, 4 P-N-P Triode
Alloy Junction Transistor for Radio-Frequency
Amplification.

The tuned primary of the oscillator trans—
former, T3, in the collector circuit of the
oscillator transistor, V3, affords an unloaded
Q of from 40 to 60 over the oscillation freq-
uency range. A relatively high tank capacitance
is employed for stability. The number of
secondary turns was determined experimentally
for adequate mixer injection. The secondary
applies feedback to the base of V3 and is
returned to the -1.5 volt bias source at the
junction of R2 and R3. The R10-C11 network in
the emitter circuit of V3 introduces degenera-
tion which reduces the net positive feedback in
the oscillator circuit. The loading of the
oscillator tuned circuit by the oscillator
transistor input circuit is thus reduced so
that oscillator tuning becomes relatively
independent of the oscillator transistor input
impedance. The reactance of the effective
transistor base-to-emitter capacitance is in
series with the relatively high reactance of
C11. Thus, variation of the effective tran-—
sistor base-to-emitter capacitance with freg-
uency does not deteriorate oscillator tracking.
(A decrease of the effective transistor base-
to-emitter capacitance with increasing freq-
uency arises from the presence of transistor
base-lead resistance, which is in series with
the emitter-junction capacitance. In the 1 to
2 Mc range, the base-lead resistance and the
reactance of the emitter—junction capacitance
are comparable in magnitude;) The resistor R10,
in conjunction with the base bias, provides
sufficient starting emitter current to initiate
oscillation.

The secondary of the interstage trans-—
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former, T2, is coupled to the base of the
mixer, V2. The emitter is returned to ground by
R8, which provides bias stability in a manner
analogous to that provided by the emitter-
return resistors of the amplifier stages.
Approximately 0.4 volt rms of oscillator in-
jection is applied to the emitter through
capacitor C8; the corresponding average emitter
current is 0.4 ma.
oscillator injection depends in part on the
magnitude of the emitter—-return resistor; in

The optimum magnitude of

this instance optimum injection is typically
0.35 volt rms. If injection decreases below
this value, the conversion gain falls rapidly,
while the conversion gain decreases relatively
slowly with increasing injection. Somewhat
greater than optimum injection insures inter-—
changeability of mixer transistors and minimizes
variation of conversion gain with small changes

in oscillator injection.

Since the coupling capacitor, C8, presents
a low impedance at the intermediate frequency
and the secondary of T3 has a low impedance at
both signal and intermediate frequencies, R8 is
effectively bypassed to ground for both the
mixer input and output signals.

The mixer output impedance is typically
60,000 ohms and is relatively independent of
signal frequency, while the input impedance is
about 500 ohms at midband and decreases some-
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Fig. 4 — Design curves for double-tuned i-f coupling transformers.
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The mixer stage

IF Amplifier

The i-f, detector, and a-g-c circuits are
similar to those described in LB-957, 4 Develop-
mental Pocket-Size Broadcast Receiver Employing
Transistors. The three i—-f interstage coupling
networks consist of two capacitively—coupled
double-tuned transformers, T4-T4and T5-T5 and
a single-tuned transformer T6. The mechanical
arrangement of these transformers is describesy
in LB-931, ¥iniature IF Transformers. The i\:)
amplifier contributes 37 db of adjacent channel
attenuation (ACA); the selectivity provided by
the various interstage networks is so appor-
tioned as to minimize overall insertion loss
for this ACA. The choice of turns ratio of a
single-tuned transformer for minimum insertion
loss at a prescribed ACA is described in LB-957

For the double-tuned circuits, the ACA is
determined by the coefficient of coupling, k,
as well as the operating Q's, as shown in
Fig. 4a. The insertion loss of the double-tuned
circuits is determined by k, by the operating
Q's, and by the unloaded coil Q, as shown %\
Fig. 4b. That optimum combination of k ag’
operating Q which resudts in minimum insertion
loss for a prescribed ACA may be determined

from these curves. The variation of minimum
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insertion loss vs ACA is shown in Fig. 5; a
{" Arresponding curve for a single-tuned circuit
s plotted for comparison.

The ACA's provided by T4-T4, T5-T5, and T6
are 15.5 db, 15.5 db, and 6 db respectively,
and the insertion losses are 5 db, 5 db, and
2.5 db respectively. The amplifier provides
about 50 db gain from the base of the first
i-f amplifier, V4, to the base of the second
detector, Vg.*

~ e
yd

/DOUBLE- TUNED
//// INTERSTAGE

N
(6]

n
o

ADJACENT CHANNEL ATTENUATION (I0kc) IN DB

15
SINGLE -TUNED
INTERSTAGE
10 A
INTERMEDIATE FREQUENCY =455KC
CHANNEL SEPARATION =10KC
UNLOADED Q=160
5
(o]
(o] 5 10 15 20

INSERTION LOSS IN DB,

Fig. 5 = Minimum insertion loss vs ACA
for double- and single-tuned circuits.

Biasing of the first i-f stage, to which
a.g.c. is applied, is similar to that of the
r—-f stage. The second i-f stage is constant-
emitter-current biased by means of the emitter
resistor, R17. The i-f stage bases return to
the tap'on a separate bleeder formed by R12 and
R13. The bleeder tap is bypassed to ground by
C17. This bleeder circuit, in combination with
the collector—-circuit decoupling of the second
i-f stage provided by R16-C23, serves to isolate
Che i-f amplifier fromthe r—f and mixer stages.

veutralization of the i—-f stages is provided by
C19 and C24.

*By way of example, i-f transistors having roo? = 75
ohms, a , = 20, Cyr, = |l puuf, and Cyr = 0.001 uf
(f\("alpha cutoff’" of 6 Mc) would give typical per-
formance. )

Second Detector and AGC

The operation of the second detector is
similar to that described in LB-957, 4 Develop-
mental Pocket-Size Broadcast Receiver Employing
Transistors. As shown in the schematic, a.g.c.
is applied to the r—f and first i-f stages.
Emitter current control is employed, and is
obtained from the audio-agc detector, V6, via
R20, R15, and R5. The bias arrangement of V1
and V4 holds the currents in R4 and R14 es-
sentially constant; the controlled stages are
constant-emitter-current biased for the zero-
signal condition. An increase in the detector
collector current produces a proportionate
decrease in the emitter currents of the con-
trolled stages. The magnitude of these currents

at zero signal (about 1.5 ma per stage) is
sufficient that the initial decrease in current
results in little change in gain, introducing

the desired delay in a-g-c action. The control
current at the flat portion of the a-g-c char-
acteristic is 3 ma; an additional 1 ma of
detector current flows through the shunt re-
sistor, R19. The total detector current of 4 ma
is then sufficiently large to minimize the
effects of elevated-temperature saturation
current in the detector transistor. In the
design of an a-g-c circuit of this type, ad-
justment of the zero-signal emitter currents
of the controlled stages provides a convenient
level control of the flat portion of the a-g-c
characteristic.

The R-C networks in the emitter circuits
of the detector, r-f, and first i-f amplifiers
provide filtering of the r-f and audio com-
ponents of a-g-c current generated in the
detector.

Detector linearity is improved by de-
generation provided by R18, in the return path
for the audio component of detector emitter
current. Audio output is taken from the col-
lector through the volume control, R22. De-
coupling from the collector supply is provided
by R21 and C30.

Audio Amplifier

The audio output of the detector is ap-
plied, via C31, to the base of the audio driver,
V7. Since the dynamic output impedance of the
detector transistor is high, the output im-
pedance of the detector stage is essentially
the resistance of the volume control irrespec-
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tive of volume control setting. The current
available for driving the following stage is
therefore proportional to the resistance inter-—
cepted between the slider and the common supply.
Nearly all of this available output current
into the base of the driver,
driver presents an input
of 25 ohms. A base-to-collector signal
gain of 40 to 50
frequencies, the emitter of the driver
passed, by €32, to the common supply. The
frequency response of the amplifier is down
3 db at that frequency at which the input
the base of the driver (the
product of the driver current gain and the
reactance of C32) equals theparallel
of the volume control, R22,
bleeder resistors, R23 and R24. The roll-off
frequency, for operation into a 4-ohm dummy
load, is approximately 120 cps. The response
into the speaker load remains elevated to below
80 cps due to the mechanical
resonance of the loudspeaker.

flows since the
impedance on the order
current
is realized. For medium audio
is by—

low—

impedance at

resistance
and the base-bias

low-frequency

Control of the driver stage operating
is provided by the base-bias bleeder
in conjunction with the emitter resistor R25.

The driver collector current

current

is approximately
15 ma at moderate temperatures; it increases
to 30 ma at 80 degrees C and drops to 10 ma at
-40 degrees C.

is transformer-—
coupled to the bases of the push—-pull output
stage by transformer T7. The interstage and
output transformer data are given on the
schematic.

In addition
design compromises,

The driver collector

to the usual
(efficiency,

transformer
low-frequency

response, etc.) the following requirements are
met in the design of the interstage trans-
former:

1. The impedance reflected to the driver

collector is low enough that driver overload
does not occur before overload of the output
stage.

2. The series resistance of the primary
winding is low enough that the loss of driver
supply voltage is tolerable.

3. The two halves of the secondary winding
are sufficiently tightly coupled together to
avoid transient voltages when current shifts

from one output transistor to the other. This

is accomplished by bifilar winding of the
secondary.

A current gain of 5 is afforded by the
interstage transformer from the collector of
the driver to the bases of the output tran-
sistors.
terval

in the cross-over in-
is minimized by providing the output
threshold
indicates that there
optimum value of threshold emitter current,
about 20 ma, which
lTinearity. While this optimum value of current
is essentially the
corresponding required base-to-emitter bias
voltage varies with temperature at a rate of
approximately -0.0025 volt per degree C. The
resistor-thermistor networks, R27 through R33,
provide a low-impedance bias source exhibiting
the proper variation of voltage with tempera-
ture. The transistor-thermistor mounting ar-
rangement, shown 6,
contact between the transistor case and
mounting bracket,
bracket,

Non-linearity
transistors with a small initial

bias. Experiment is an

results in minimum non-

independent of temperature,

in Fig. provides for close
thermal
and thermistor,

and chassis.

mounting

7- PIN MINIATURE
WAFER SOCKET

BRACKET
TRANSISTOR
THERMISTOR

TRANSISTOR
STUD

\\ ’Z</’
CHASSIS— & | | | | !5#

Fig. 6 — Power-transistor and thermistor mounting
arrangement.

The output stage affords large-signal
current gain of 20 to 30, and transconductance
in excess of 1 mho.* With a 6.6-volt collector
supply-voltage, a collector voltage swing of 6
volts peak is obtainable.
peak collector current,

(10 per cent distortion),

The corresponding
for 2.0 watts output

is 0.67 ampere. The
*These characteristics were obtained with experimental

transistors having substantially better high—current
performance than that shown in LB-go5.

ANODIZED ALUMINUM

-
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4-ohm speaker voice-coil impedance is trans-
ormed to the required 9-ohm collector load by
transformer T8. The use here of a bifilar wound
autotransformer provides close coupling and
high transformer efficiency. The power gain of

the output stage is on the order of 24 db.

High=-frequency roll-off of the audio
amplifier is controlled by capacitor C34,
which inverse feedback in the output
stage at frequencies above 2 kc.

The audio

introduces

input circuits are decoupled

(.\from the power supply by R26 and C33.

Power and Interference Considerations

Conventional means areutilized toeliminate
high-frequency interference on the power lead.
A spark plate, C36,
citor L2, C35, remove the VHF and MF components
respectively. The receiver chassis is insulated
from the receiver case. Power connection for
automobiles with positive or
is obtained by

and an r-f choke and capa-

operation in
negative polarity battery ground

employing plug P1A or P1B, respectively.

Rejection of high-frequency impulse type

of ignition interference appearing on the
(‘\antenna is accomplished by the choke, L1, in
__~series with the antenna lead, which, together

e

¢

with the shunt capacitance across the antenna
primary, forms a low—pass filter.

An additional
ference arises from the periodic current drawn

potential source of inter-
by the automobile
produce a low—frequency voltage fluctuation on
the power lead.

millivolts of this type cf

ignition system, which may
The presence of more than a few
interference ap-
pearing between bases and emitters of the gain-
controlled stages would produce objectionable
This
avoided by returning the bias bleeders, as well
as the collectors of V1 through V6, to the
decoupled voltage available at the junction of
R26 and C33, and by the additional
the base returns provided by C2.

modulation of the received signal. is

isolation of

Performance

Various receiver performance character-
istics are shown in Fig. 7.

The receiver sensitivity as a function of

signal frequency appears 7a. The in-
crease in sensitivity at the lower extreme of
the broadcast band largely to the
creased gain of the r-f and mixer stages over
that obtaining at the upper extreme of the
band. The shape of this curve is also influenced
by the tracking error of the oscillator trans-
is plus—or-minus 4 kc. This
tracking error part to the step
approximation to a variable-pitch winding
employed in this transformer.

in Fig.

is due in=

former which

is due in

The i—f and overall selectivity at 1000 kc,
and the i—-f and image rejection as a function
of receiver tuning are shown 7b and 7c
respectively. These curves reflect the design
in the antenna, interstage, i-f
coupling networks. The overall adjacent channel
attenuation at 1000 kc is 41 db. Since the
overall selectivity is determined almost en-
tirely by the i—-f coupling networks, the ACA is
essentially independent of the signal frequency.
The image rejection at 1600 kc is 42 db and
increases to about 60 db at the low end of the

in Figs.

compromises and

band. The i-f rejection provided at 540 kc is
40 db and increases rapidly with increasing
signal frequency.

The a-g-c and noise characteristics are

in Fig. 7d. The a-g-c figure of merit
63 db. The signal input required for a 20-db
signal-to-noise ratio is 12 upvolts; the cor-
responding equivalent-noise-sideband input
0.4 uvolt.

shown i

is

The distortion vs power-output character-

is displayed in Fig. 7e. Total
distortion reaches 10 per cent,
harmonic, at approximately 2 watts output.
this level,
from the curvature of the current-gain char-
acteristics of the output transistors. Since
limited by the dis-
sipation capabilities of the transistors,
operation in automobiles with 12-volt electrical

istic harmonic
mostly third
At

distortion arises almost entirely

the power output is not

systems should permit a substantial increase of
power output,

the same peak currents.

utilizing the same transistors at

The distortion vs per cent modulation
characteristics for 1.0 watt and 100 milliwatts
output are shown 7f. The distortion is
substantially constant up to 50 per cent modu-
lation and due to an
increasing detector contribution.

in Fig.

increases above this level
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Fig. 7 — Receiver performance characteristics.
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RELATIVE OUTPUT IN DECIBELS
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The electric fidelity
load and
in Fig.

into the speaker
into a 4-ohm dummy load is displayed
79. The mechanical resonance of the
6x9-inch speaker and the series
the voice coil

inductance of
account for the elevated response
into the speaker-load in the vicinity of 85
and 2000 cps respectively.
compensation has not been employed; theelectric

Volume-control

fidelity is essentially independent of volume-
control setting. The receiver acoustical per—
formance is influenced by the effective baffle
which is employed, and thus is different for

various makes and models of automobiles.

Curves illustrating the performance of the
receiver as a function of ambient temperature

are shown in Fig. 8.

Fig. 8a shows the receiver sensitivity and
the signal required for 20-db signal-to-noise
ratio as a function of ambient temperature. The
sensitivity is 2.0 pvolts at 20 degrees C, and
is below 10 pvolts over the range from —40
degrees C to 80 degrees C. Loss of sensitivity
at high temperatures arises from the reduced Q
of the core materials in the tuned circuits,
and from a decrease in
gain of the high-frequency transistors of

approximately 1 db per stage.

from detuning effects,

The receiver
is substantially unaffected
over this range of temperature.

noise performance
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Fig. 8 — Receiver performance as a function of ambient

temperature.

Fig. 8b shows the receiver ACA as a

function of ambient temperature. Differences

in tuned-frequency shift of the individual i-f
interstages tend to reduce selectivity at the
extreme temperatures. This tendency is offset
by the increase in Q's at reduced temperatures,
and aggravated by the in Q's at
elevated temperatures, in a reduction
in ACA from approximately 40 db, at
moderate temperatures, to 31 db at 80 degrees C.

reduction
resulting
low and

The variation of the a-g-c figure of merit
in Fig. 8c.
is approximately 65 db at

with ambient temperature is shown

The figure of merit

h

low and moderate temperatures, and drops to 51 1

db at 80 degrees C. The shape of the a-g-c
characteristic at any temperature in this range
is essentially the same as that shown
7d. The reduction
elevated temperatures arises from the corres-

in Fig.
in a-g-c figure of merit at

ponding reduction in receiver sensitivity.
The total harmonic distortion at 1.0 watt
output, shown in Fig. 8d, and the maximum power

output (10 per cent distortion), are relatively
unaffected over the temperature range from —-40
degrees C to 80 degrees C. The
distortion at extreme temperatures arises for

increase in

the most part from the imperfect temperature
compensation provided by the output-stage
Additional distortion at —-40
in the detector-agc cir-

biasing network.
degrees C originates
cuitry, and
impedance of the sintered tantalum electrolytic
capacitor, C29, in the a-g-c filter network.
It is the use of this type of capacitor here,
notable for good low-temperature performance,
that permits operation to -40 degrees C. Sub-—
stitution of a conventional aluminum=foil type
capacitor restricts the useful lower—-temperature
limit to approximately —10 degrees C.

is due mainly to the increased

1475
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Fig. 0 - Oscillator frequency stability.
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in oscillation frequency with
thange in supply voltage, in Fig. 9, is
about 0.2 per cent per volt. The frequency
variation of the oscillator with respect to
ambient temperature in Fig. 9.
The difference in oscillator-frequency shift

The change
shown

is also shown

e

and in the frequency shift of the signal tuned-
circuits is in the same direction and of ap-
proximately the same magnitude as the shift in
the i-f tuned-circuits. The net tracking error
as a function of ambient temperature is there-
fore smaller than either the oscillator- or

intermediate-frequency shifts.
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